Purpose: We sought to determine whether frailty affects the type of pelvic organ prolapse surgery performed and the odds of postoperative complications. Materials and Methods: This is a retrospective cohort study of women who underwent obliterative and reconstructive surgery for pelvic organ prolapse in ACS (American College of Surgeons) NSQIPÒ (National Surgical Quality Improvement Program) from 2005 to 2013. We quantified frailty using NSQIP-FI (Frailty Index) and applied logistic regression models predicting the type of procedure (colpocleisis) and the odds of postoperative complications. Results: We identified a total of 12,731 women treated with pelvic organ prolapse repair, of which 5.3% were colpocleisis procedures, from 2005 to 2013. Among women undergoing colpocleisis, the average age was 79.2 years and 28.5% had a NSQIP-FI of 0.18 or higher, indicating frailty. Women undergoing colpocleisis procedures had higher odds of being frail (NSQIP-FI 0.18 vs 0 OR 1.9, 95% CI 1.4e2.6) and were older (age 85þ vs less than 65 years OR 486.4, 95% CI 274.6e861.7). For all types of pelvic organ prolapse procedures, frailty increased the odds of complications (NSQIP-FI 0.18 vs 0 OR 2.8, 95% CI 1.8e3.0), after adjusting for age and type of pelvic organ prolapse procedure. Conclusions: For pelvic organ prolapse surgery, age rather than frailty is more strongly associated with the type of procedure performed. However, frailty is more strongly associated with postoperative complications than age. Furthermore, incorporating frailty into preoperative decision making is important to improve expectations and outcomes among older women considering pelvic organ prolapse surgery.
PELVIC organ prolapse is a major public health issue in the United States, particularly among older women. By 2050 it is estimated that there will be a 46% increase in affected women, 1 of whom many will seek surgical treatment for this problem. However, the surgical treatment of older women is not always as straightforward as in younger women since important age related considerations such as frailty may come into play. Frailty, defined as a decrease in physiological capacity that predisposes individuals to poor outcomes in the face of stressors such as surgery, 2e6 is recommended by ACS NSQIP and AGS (American Geriatrics Society) as part of the preoperative assessment in older adults. The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number. There are several surgical approaches of varying complexity for apical pelvic organ prolapse surgery. These approaches range from obliterative procedures such as colpocleisis to reconstructive procedures, including abdominal, vaginal and laparoscopic or robotic colpopexy. The advantages of the obliterative approach include the option for local anesthesia, shorter operative time, lower blood loss and faster recovery. 8 These benefits, in combination with extremely high success rates of greater than 90%, 9e12 make this procedure ideally suited for frail older individuals who are not sexually active. However, to our knowledge the real-world use and outcomes of this obliterative procedure in comparison to the other reconstructive procedures has yet to be explored.
Using data from ACS NSQIP from 2005 to 2013, we examined 3 objectives, including to 1) define the demographic and case based characteristics of women who underwent obliterative vs reconstructive surgery for pelvic organ prolapse, 2) define the role of frailty as a determinant of the obliterative approach and 3) identify whether frailty was associated with complications for all types of pelvic organ prolapse repairs during the study period.
METHODS

Patients and Databases
This is a retrospective cohort study of women who underwent apical pelvic organ prolapse procedures between 2005 and 2013 as shown in the ACS NSQIP Participant Data Use File. This study was deemed exempt by our institutional review board. The ACS NSQIP database is a validated, national multicenter database that is prospectively maintained by certified surgical reviewers at each site. Reviewers extract data from patient records and obtain postoperative clinical data and outcomes up to 30 days after the date of the procedure. 13 Interrater disagreement across all variables in the ACS NSQIP data set is extremely low at 1.5%, with k values suggesting substantial or almost perfect agreement for most variables. 14 We identified pelvic organ prolapse cases by CPT codes for each procedure, including 57120 (colpocleisis [ 
Outcomes
We had 2 primary outcomes in this study. The first outcome was colpocleisis as the choice of procedure and the second outcome was the risk of complications. To determine complications, we created a composite variable for all 30-day complications, including superficial wound infection, deep wound infection, pneumonia, blood transfusion, renal failure, deep vein thrombosis, myocardial infarction, dehiscence, stroke, pulmonary embolus, coma, cardiac arrest, sepsis, septic shock, reintubation, return to the operating room, discharge to a skilled or assisted living facility (this variable was added in 2011) and mortality.
Covariates
We used NSQIP-FI to describe frailty in our cohort. NSQIP-FI is a frailty index that was adapted from the CSHA (Canadian Study of Health and Aging)-Frailty Index for specific use with ACS NSQIP data. It is a cumulative deficits model that includes certain criteria, including history of diabetes, impaired functional status, history of chronic obstructive pulmonary disease or pneumonia, history of congestive heart failure, history of myocardial infarction within 6 months of surgery, history of percutaneous coronary intervention, cardiac surgery or angina, being on hypertensive medications, peripheral vascular disease or rest pain, impaired sensorium, transient ischemic attack or cerebral vascular accident (defined as focal neurological deficits of sudden onset and brief duration) and cerebrovascular accident with deficit (defined as a history of cerebrovascular accident with persistent residual dysfunction). The NSQIP-FI score, which is the sum of the variables present in an individual divided by the total number of variables (11), is reported as 0.09 for 1 of 11 deficits, 0.18 for 2 of 11 deficits and so on. 15 Additional covariates include the calendar year of the operation, patient age, race, BMI, smoking status and recent weight loss, surgical setting (inpatient vs outpatient), type of anesthesia (general, monitored anesthesia care or other) and operative time (per hour). Additionally, to adjust for concurrent procedures performed at the time of pelvic organ prolapse repair, we examined the presence of procedures for stress urinary incontinence, hysterectomy, and anterior and/or posterior pelvic organ prolapse repair. The supplementary Appendix (http://jurology.com/) shows the CPT codes used for each procedure type.
Statistical Analysis
Our first study objective was to define the demographic and case based characteristics of women who underwent obliterative vs reconstructive surgery for pelvic organ prolapse. To do this we compared variables between colpocleisis procedures and reconstructive procedures for pelvic organ prolapse (eg abdominal colpopexy, vaginal colpopexy and laparoscopic/robotic colpopexy) using the chi-square and Mann-Whitney tests for significance where appropriate.
The second objective of the study was to define the determinants of the obliterative approach (ie frailty), representing a case-control methodology. Logistic regression was used to determine the procedure type (colpocleisis).
Finally, our third objective was to identify predictors (eg frailty) of complications associated with all types of pelvic organ prolapse repairs. To do this we also used case-control methodology and logistic regression to determine 30-day postoperative complications as a composite outcome. Both models were adjusted for variables that might impact the surgical decision making process, including calendar year, age, race, BMI, smoking status, recent weight loss and NSQIP-FI. The model looking at the risk of complications was adjusted for all variables included in the previous model, in addition to the type of pelvic organ prolapse procedure, surgical setting, type of anesthesia, operative time, number of days from operation to discharge home and presence of concurrent procedures for stress urinary incontinence, hysterectomy, and anterior and/or posterior pelvic organ prolapse repair. All analyses were performed with SASÒ, version 9.4. 1 , http://jurology.com/). Compared to women treated with the various types of reconstructive procedures (abdominal colpopexy, vaginal colpopexy and laparoscopic/robotic colpopexy), women who underwent colpocleisis procedures tended to be older, including 52.4% who were 75 to 84 years old in the obliterative group compared to 11.0% in the reconstructive group, and 25.4% who were 85 years old or older in the obliterative group compared to 1.1% in the reconstructive group (both p <0.001). Patients in the obliterative group were more frail than their reconstructive counterparts (22.9% vs 9.3% with NSQIP-FI 0.18 and 5.6% vs 1.2% with NSQIP-FI 0.27þ, both p <0.001). Additionally, individuals undergoing colpocleisis had a lower frequency of being white (87.7% vs 92.7%) and a lower BMI (average 26.6 vs 28.1 kg/m 2 ), were less likely to smoke (3.3% vs 10.0%) and had a higher frequency of anesthesia other than general or monitored anesthesia care (14.5% vs 3.4%) and shorter operative time (mean 1.92 vs 2.66 hours, all p <0.001). They also underwent fewer concurrent procedures for stress urinary incontinence (35.5% vs 37.5%) as well as hysterectomy (13.3% vs 59.0%), and anterior and/or posterior organ prolapse repairs (18.0% vs 44.5%, all p <0.001). The table shows 
RESULTS
Characteristics of Women Who Underwent
Obliterative vs Reconstructive Surgery Of the 12,731 procedures performed for apical pelvic organ prolapse 676 (5.3%) were colpocleisis, as shown from 2005 to 2013 in the ACS NSQIP database (supplementary table
Obliterative Approach Determinants
DISCUSSION
We found that age, to a greater extent than frailty, was strongly associated with undergoing a colpocleisis procedure as opposed to a reconstructive procedure, and frailty, to a greater extent than age, was associated with increased odds of postoperative complications among women undergoing all types of pelvic organ prolapse procedures. Taken together, our findings indicate that surgeons tend to select women for colpocleisis procedures based on age but it is frailty that has a stronger association with postoperative complications. Prior studies showed that 16% of women undergoing pelvic organ prolapse surgery were categorized as frail using the Fried criteria and 30.7% reported functional difficulty or dependence in performing at least 1 activity of daily living. 16 Our study demonstrated that frailty rates differed based on the type of apical prolapse procedure performed. Of women undergoing colpocleisis procedures 28.5% had a NSQIP-FI of 0.18 or greater and only 10.1%, 11.7% and 8.1% of women undergoing abdominal, vaginal and laparoscopic/robotic colpopexy, respectively, were frail.
Another study using ACS NSQIP data showed that mortality and complications following colpocleisis procedures are low, with the most common reported complication being urinary tract infections at 5.8%. 8 In another study, objective and subjective cure rates following colpocleisis in women older than 80 years were similar to those among younger women, 17 further promoting the safety and benefit of these procedures in the older female population.
We found it somewhat surprising that neither age (with the exclusion of age greater than 85 years) nor the type of prolapse procedure (either obliterative or reconstructive) influenced the odds of postoperative complications. This finding suggests that patient characteristics, such as frailty, are more important predictors of adverse outcomes than the type of procedure.
Our findings should be considered with certain limitations in mind. 1) We did not have access to women who did not undergo surgery and were perhaps treated more conservatively with pelvic floor physical therapy, a pessary or no treatment. This may have led to positive selection bias, in which the women chosen to undergo surgery were healthier than the women selected not to undergo surgery. However, despite this limitation we noted a statistically significant association between frailty and both outcomes of interest (undergoing colpocleisis and postoperative complications), suggesting that we may in fact be underestimating the deleterious effects of frailty on these outcomes.
2) We are somewhat limited by the nature of this registry database in the level of detail that we have available for our analyses. For example, obliterative procedures are only a viable option among women who are not sexually active, since they obliterate the vaginal space. However, we do not have access to data on sexual activity via this database. While it would be good to have more granular data on variables pertaining to sexual activity, prolapse severity, patient preferences and other clinical items, the strength of these data lie in the fact that they are taken from a national sample of hospitals that participate in the ACS NSQIP database. This adds power and strength to the study findings beyond information that a single center study can provide.
3) We used a composite outcome for complications, which included a wide range of adverse events from superficial wound infection to cardiac arrest and coma. All complications were weighted equally in this outcome and yet not all complications were similar in severity, which should be considered when interpreting the results of the study.
CONCLUSIONS
Our study shows that age, to a greater extent than frailty, was associated with undergoing obliterative rather than reconstructive surgery for pelvic organ prolapse repair. However, frailty was more strongly associated with increased postoperative complications. These findings indicate that surgeons rely heavily on patient age for procedure selection but frailty may be a more informative indicator for this purpose. It should be incorporated into the perioperative decision making process.
